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A TOTAL PRESENT WORTH ECONOMIC COMPARISON
OF COAL AND NUCLEAR FUEL ENERGY ALTERNATIVES
Dennis M. Tulenko,* Phillip F. Ostwald and Klaus D. Timmerhaus
University of Colorado
Boulder, Colorado

Abstract
This paper utilizes the total present worth concept to make an
economic comparison for a 500 MWe electrical power generating sta
tion operated either with Eastern U.S. coal, Western U.S. coal or
nuclear fuel. Arguments are presented to support the use of this
concept for comparing the economic desirability of various energy
alternatives used for generating electrical power.
1.

INTRODUCTION
provide measurements of relative invest
ment worths. However, calculations pursu
ing such a method are not provided in this
paper since rate of return methods are less
appropriate to capital intensive costs,
such as those contemplated for energy al
ternatives. Comments supporting this view
point are included in the discussion.

A total present worth type of analysis is
often used to make an economic comparison
between two or more alternative invest
ment opportunities. This study applies
this approach in comparing the economic
desirability of coal versus nuclearfueled electrical power generating sta
tions. From a strict economical view
point, the energy alternative with the

2.

lowest total present worth relative to
capital investment, operating and main
tenance costs, and fuel costs is consid
ered to be the most attractive choice.
Such numerical information must then be
considered with many other non-numerical
factors before a final choice is made.
This is particularly true at this time in
the final choice of one of the energy
sources being considered in this study.
Another decision criterion, such as de
termining the true economic rate of re
turn for a venture, can be modeled to

THE NET PRESENT WORTH METHOD

There is a continual debate about the best
way to measure the economic desirability
of energy alternatives. These techniques
are designated as engineering economics,
and an abundance of literature is avail
able supporting one approach over other
methods. There is no need to review these
general techniques in view of the many
textbooks available.
Currently, two meth
ods are vying for acceptance in measuring
economic desirability:
the net present
worth method and the true economic rate of
return. Naturally, both methods use time-

* Presently with IBM, Boulder Division, Boulder, Colorado
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value-of-money concepts and, therefore,
meet the fundamental requirements for a
useful criterion.

by summing the present worth for fixed
charges, operation and maintenance (O&M),
and fuel.

These two methods may also be called in
terest fixed or interest variable. Inter
est-fixed models set in advance the in
terest rate with which to make compari
sons between alternatives. The net pre
sent worth method is one of several that
would qualify as interest fixed. Thus,
the present equivalent in dollars of all
future cash flows using a preset value of
an interest rate makes the calculation a

TPW = PWFC + POM + PWF
where

(1)

TPW = total present worth,$/kW
PWFC = present worth of fixed
charges, $/kW
POM = present worth of opera
tions and maintenance,
$/ kW
PWF = present worth of fuel,
$/kW

The fixed cost requirements continue re
gardless of whether or not the plant is in
operation. The fixed costs, such as taxes
and fees, along with charges for deprecia
tion, and interest on investment, are in
terpreted in terms of a fixed charge rate.

net sum. The interest-variable models,
including the rate of return method, cal
culates an interest rate to give a pre
sent worth of expected revenues equal to
investment cost. Of the alternatives
numerically examined with the interest-

The fixed charged rate (FCR) is a percent
age factor which, when multiplied by the
initial capital investment of the plant,
gives the levelized annual cost require
ments necessary to support the fixed
charges of the investment.
In summary,
the annual charges in the fixed charge
rate include: (1) Property taxes;(2) fed
eral and state income tax, where appli
cable ;( 3 ) license fees ;(4) depreciation
annuity — the recovery of investment,
and considering retirement costs or rev
enues; and (5) minimal annual rate of re
turn (MARR) — the interest on investment.

fixed or interest-variable scheme, that
one which gives the smallest net present
worth or greatest interest rate is pre
ferred if revenues are not considered.
The major reason for adopting interestfixed schemes in this paper and thus cal
culating the net present worth, is two
fold. Energy development is capital in
tensive, and present worth calculations
insure that the magnitude of the invest
ment is not suppressed in importance as
it is in interest-variable schemes. Sec
ondly, energy and utility projects, as is
customary, are controlled by state and
federal commissions and agencies with re
spect to earning rates, and thus legal
requirements stipulate the interest rate.
The m o d e l u s e d calculates a total
present worth for all future cost require
ments of an electrical power plant, con
sidering fixed and variable charges
throughout the future life of the plant.
The total present worth of an electrical
power generating station can be obtained
* Refers to references
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The fixed charge rate is attained by giv
ing a certain percentage weight to each
of-these charges and then summing to find
the total percentage factor. The FCR
currently ranges from 15-22% for investorowned fossil fuel plants and from 10-12.5%
for government-owned fossil p l a n t s . ^
To determine a present worth for fixed
capital investment, the annual revenue re
quirement is multiplied by an equal series
present worth factor which is a function
of MARR and the life of the plant.

Similarly, one can define a time factor
(TF) which represents the percent of a giv
en year that a plant runs at a given load
level. Thermodynamically, a plant running
at 100% is using its fuel more efficiently
than a plant operating at 50%. Thus, an
efficiency, or heat factor (HF), must be
considered in the cost analysis. This
factor should be 1.00 at 100% load level
and increase for decreasing load as the
plant becomes more inefficient and fuel
cost per kilowatt of electricity increases.
One way to explain this part of the anal
ysis is by the typical plant load schedule
as shown by Table I.

(P/A ,MARR ,N ) = Z
V l + MARR)11 (2)
n= l
where

(P/A,MARR,N) = equal payment
series present
worth factor
N = plant life, n = 1,..., N

The present worth of cost requirements for
fixed charges becomes
PWFC = FCR*(ICI)*(P/A,MARR,N)(3)
where

FCR = fixed charge rate
ICI = initial capital invest
ment, $/ kW

The variable costs for a power plant in
clude operation and maintenance along with
the cost for fuel. Since operation and
maintenance and fuel costs tend to esca
late over the years, an inflation or es
calation factor must be a part of the cal
culation. A method for calculating the
present worth for O&M is shown by equation
(4). This relationship annually escalates
and discounts the first year cost for O&M
at startup for the total life of the plant.
POM = A0 * !|!
(1+ESC/1+MARR)n (4)
n= l
where

ESC = annual O&M escalation
factor
A0 = first year cost for O&M at
startup, $/kW

Determining the present worth for fuel cost
is more complex. An electric power gener
ating station, like any plant, runs more
efficiently when it is new. With age,
downtime for the plant increases along
with the time the plant is operating at
less than full capacity. A load factor
(LF) is a measure of the percent of total
capacity at which a power plant is oper
ating. At a load factor of 1.00, the
plant is operating at 100%, or full capa
city; at 0.00 load factor, the plant is
down. The LF decreases linearly from 100
to 0.00 with decreasing plant output.
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Table I. Plant Load Schedule
for a Plant Li fe of 35 Years
Load Factor
Heat Factor
S-

0-5
>- 6-10
11-15
O
4-> 16-20
fO 21-25
O) 25-30
E
•r“ 31-35
1—
Q)

1.00 0.85 0.65 0.50
1.000 1.002 1.003 1.05

0.00
0.00

0.00
0.00
0.00
0.05
0.05
0.10
0.15

0.10
0.10
0.10
0.10
0.15
0.15
0.15

0.80
0.70
0.60
0.50
0.45
0.40
0.30

0.10
0.10
0.20
0.20
0.20
0.20
0.20

0.00
0.10
0.10
0.15
0.15
0.15
0.20

Notice that each year is divided into five
different load levels. The number of load
levels vary depending on what is reason
able for a given plant, but four or five
levels is an appropriate choice. To
understand how the schedule works, consid
er years0-5.
From the first row of time
factors we see that when the plant is new,
for the first five years, it can operate
at full capacity 80% of each year, at 85%
capacity 10% of the year, and is inopera
tive 10% of the year. For any year the
sum of the time factors equals 1.00.
Notice that as the plant ages, the percent
of the year that it can operate at 100% LF
decreases (that is, the TF's in column one
decrease with plant age).

When including load, heat, and time fac
tors for calculating the present worth of
fuel, it is necessary to sum the product
of these factors for each load level for
each year. This approach can be combined
with annual escalation and discounting to
yield equation (5). By summing the pro
ducts of the LF, HF, and TF over a number
of load levels, equation (5) takes into
account that a power plant operates at
various loads at different times of the
year and is more inefficient at lower load
levels.

to describe these data is to show a table
of cost comparisons for the three alter
natives.

N

PWF= z
FIC*NPHR*8760*10'°*
n=1 (l+ESC/l+MARR)n*2 LF*HF*TF
where

j=1 (5)
FIC = initial fuel cost at plant
startup, $/106 Btu
NPHR = full load net plant heat
rate, Btu/kW h
ESC = annual fuel inflation or
escalation rate
m = number of load levels, j=
1.... , m

Table II. Comparison of Data for
Nuclear-Fueled versus Eastern &
Western Coal- Fired Power Plants
(startup 1985 , capacity 500 MWe)
East. West. Nucl .
Coal
Coal
Fuel
FCR
15%
15%
16%
805
ICI ,$/kW
765
950
ESC(0&M)
8%
8%
8%
MARR
10%
10%
9%
FIC(0&M) ,$/kW
25.75 25.75 21.4
FIC (Fuel ) ,$A0%t u 2.00
1.46
1.10
NPHR, Btu/kW h
9550
9550
8700
Tables III and IV list the heat factors,
load factors, and time factors that were
used in the study.
Table III. Coal-Fueled
Plant Load Schedule(l)

Equation (1) is formed by summing up the
present worths for fixed charges, O&M, and
fuel from equations (3), (4), and (5),
respectively.
If desired, corporate bur
dens, profit, and overhead can be added to
equation (1). This was not done in this
study.
3. PRESENT WORTH COMPARISON BETWEEN U.S.
NUCLEAR AND COAL-FUELED POWER PLANT COSTS

1.0
0.85
0.65
0.50 0.00
1.000 1.0025 1.0025 1,050 —
0
0 .70
0 .60
0 .50
0 .45
0 .40
0 .30

O
OO

Load Factor
Heat Factor
S- 0- 5
Q)
>- 6- 10
S- 11 -15
o
fe 16 -20
ai
Li. 21 -25
Q) 25 -30
\— 31 -35

0.00
0.00
0.10
0.15
0.15
0.15
0.20

0.10
0.10
0.20
0.20
0.20
0.20
0.20

0.00
0.00
0.00
0.05
0.05
0.10
0.15

0 .10
0 .10
0 .10
0 .10
0 .15
0 .15
0 .15

Table IV
Nuclear Fu ei
Plant Load Schedule (4)

Since equations (4) and (5) must be used
to calculate O&M and fuel present worth,
calculation by computer is essential. Pro
grams were run using equations (1) through
(5) for datav ’ 'obtained from nuclear and
coal-fired plants starting up in 1985.
Three alternatives had to be considered.
Since some costs, like the cost for coal,
vary between the Eastern and the Western
United States, the study had to cover
Eastern and Western coal-fired plants,
along with nuclear power plants. The way
763

Load Factor 1. 00 0 7667
Heat Factor 1. 00 1 0190
Srtf 0- 5
0 . 70 0 20
>- 6- 10
0 . 70 0 20
11 -15 0 . 70 0 20
fe 16 -20 0 . 60 0 .30
O
rtf
LU 21 -25
0 . 60 0 .30
<D 25 -30 0 . 50 0 .30
B—
•r
h- 31 -35 0 . 50 0 .30

4939
1 0970
0 00
0 00
0 00
0 00
0 .00
0 .10

0

0 .10

0 .350 0 . 00
1 .130
0 .00
0 . 10
0 .00 0. 10
0 .00 0 . 10
0 .00 0 . 10
0 .00 0 . 10
0 .00 0 . 10
0 .00 0 . 10

tors in the total present worth. Table VI
attempts to dramatize this point.

Using the data from Tables II, III, and
IV, equations (1) through (5) can then be
employed to calculate the total present
worth for Eastern and Western coal and
nuclear power plants. Table V shows the
results. Figures 1, 2, and 3 provide a
graphic description of the TPW for the
life of Eastern and Western coal and
nuclear-fueled power plants, respectively.

Table VI. Cost of Fuel as Percentage
of Total Present Worth Cost
East.
Coal
Present Worth of
Fuel
Total Present Worth
Present Worth of
Fuel as Percentage
of Total Present
Worth

Table V. Results from Programs
Computing TPW for Eastern and
Western Coal and Nuclear-Fueled
Power Plants with Startup in
1985, and a Rating of 500 MWe
East.
Coal
1164.5
Present Worth
of Fixed Charges,
$/ kW
657.6
Present Worth
of 0&M,$/kW
3381.5
Present Worth
of Fuel,$/kW
5203.6
Total Present
Worth, $/kW

West.
Coal

Nucl .
Fuel

1106.6 1606.2
657.6

637.3

2468.5 2079.5
4232.7 4322.9

The results show that nuc1ear-fueled power
plants starting up in 1985 are about equal
in total present worth to coal-fired
plants located in the Western United States
starting up at the same time. Eastern
coal-fired plants are predicted to have a
total present worth of about 1000$/kW
higher, because of the higher costs for
initial capital investment and fuel (see
Table II). For example, the initial cost
for Eastern coal and Western coal in 1985
is predicted to be about $2.00/10® Btu vs.
$1.46/10® Btu, respectively. Since the
present worth fixed charges and 0&M are
about equal for the two areas, it is evi
dent that the coal fuel cost differential
between the East and West is responsible
for much of the difference in total pre
sent worth.
It seems evident that the
cost for fuel and how it will escalate in
equation (5) are the key determining fac

West.
Coal

Nucl .
Fuel

3381.5 2468.5 2079.5
5203.6 4232.7 4322.9
48%
58%
65%

It is important to note that in each case
the present worth of fuel is a large per
centage of the total present worth. As a
consequence, any new fixed charges added
to meet additional nuclear regulations or
pollution restrictions would incur only a
small change in fixed charges, and would
have little effect on the value of the
TPW. Thus, assuming a plant life of 35
years, the cost for fuel over this period
is the major factor in determining whether
nuclear-fueled or Western coal-fired plants
will have greater economic desirability.
If the program is rerun for the nuclearfueledpower plant to determine the escala
tion factor for fuel at which the total
present worth for the nuclear plant equals
that of the Eastern coal-fueled plant, the
escalation rate is determined to be 10.2%.
This indicates that the cost of fuel for
nuclear power can increase as much as
10.2% annually and still compete economi
cally with Eastern coal-fueled plants.
4.

CONCLUSION

This study has attempted to provide infor
mation on two alternative sources of elec
trical energy: nuclear and coal-fueled
power plants. The paper shows that the
most important single cost in the total
present worth analysis is also the most
764

5.

difficult one to predict, namely, the cost
of fuel. There is a similar present worth
for nuclear and Western coal-fired plants
starting up in 1985, but a higher present
worth for coal-fired plants in the East.
Small changes in the fixed charges due to
additional nuclear regulations or pollu
tion control costs would effect the dollar
value of the TPW only a minimal amount.
Step changes in the price of coal or
nuclear fuel would, of course, change the
results predicted in this study.
5.

7.

Special thanks in this study needs to be
given to Dr. R. M. Wainright of StearnsRogers, Inc., Denver, Colorado, and to Mr.
Sam Ross, Supervisor, Systems Planning,
of the Public Service Company of Colorado,
Denver, Colorado for their personal help
and assistance.
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Figure I.

Present worth analysis of eastern coal fired
plant. Startup 1985, 35 year life.
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Present worth analysis of western coal fired
plant. Startup 1985, 35 year life.
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Figure 3.

Present worth analysis of nuclear fired plant.
Startup 1985, 35 year life.
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